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0 Impact modified medical film. 


© An impact resistant film suitable for medical solution pouches and the packaging of parenteral materials 
generally includes an interior layer of an ethylene vinyl acetate copolymer and outer layers of a propylene 
homopolymer or copolymer blended with a styrene ethylene butylene styrene copolymer. In some cases, a 
flexible copolyester may be substituted for one of the outer blend materials. 

Sacrificial layers may optionally be included on one or both outer surfaces of the film to improve processing. 
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This invention relates to autoclavable flexible films suitable for the packaging of medical solutions. 

Currently, it is common medical practice to supply liquids such as medical solutions for parenteral 
administration in the form of disposable, flexible pouches. These pouches should be characterized by 
collapsibility. transparency, and adequate mechanical strength. They must - also be able to resist the 
5 relatively high temperatures required for heat sterilization of their contents, for example in an autoclave. 
Typically, medical solutions and the like are autoclaved at about 253' F for periods of 15 to 30 minutes. 

Presently, such flexible pouches are typically made from a highly plasticized polyvinyl chloride. While 
meeting the requirements mentioned above, polyvinyl chloride may have some undesirable properties for 
use as a medical solution pouch because of the possibility of migration of plasticizer from the polyvinyl 
70 chloride into the medical solution or the other contents of the pouch so that the solution may become 
contaminated by potentially toxic material. A question has also arisen concerning whether PVC is 
adequately chemically neutral to medical solutions. It has also been found that polyvinyl chloride becomes 
brittle at relatively low temperatures. 

Embrittlement and stress-cracking, particularly of the outer surface of medical pouches, has been found 
15 to occur in other non-PVC pouches. It is desirable to provide a pouch for the packaging of medical solutions 
which substantially reduces or eliminates stress-cracking and embrittlement of the pouch material. 

Of interest is U.S. Patent 4.401.536 issued to Lundell et al which discloses the use of a blend of 
medical grade radiation-stabilized polypropylene and a copolymer of ethylene and a comonomer selected 
from the group consisting of vinyl esters of saturated carboxylic acids and alkyl esters of alpha, beta 
20 ethylenicaliy unsaturated carboxylic acids, the blend being irradiated. 

Also of interest is U.S. Patent 4,643,926 issued to Mueller which discloses a flexible film for medical 
solution pouches generally including a sealant layer of ethylene propylene copolymer, modified ethylene 
propylene copolymer, or flexible copolyester; one or more interior layers including elastomeric polymeric 
materials such as very low density polyethylene; and an outer layer of ethylene propylene copolymer or a 
25 flexible copolyester. 

It is an object of the present invention to provide a film suitable for the packaging of medical solutions, 
the film having good impact resistance and flexibility. 

Another object of the present invention is to provide a film suitable for the packaging of medical 
solutions characterized by good optical properties and a low degree of haze after autoclaving of the 
30 package. 

Still another object of the present invention is to provide a film suitable for the packaging of medical 
solutions characterized by high mechanical strength. 

The terms "flexible" and the like and "elastomeric" and the like are used herein to define specific 
polymeric materials as well as characteristics of a resulting pouch or bag whereby improved flexibility 
35 and/or collapsibility of the pouch or bag is obtained by the use of these specific polymeric materials. 
Flexible materials may be characterized by a modulus of preferably less than 50,000 PSI (ASTM D-882-81) 
and more preferably less than 40,000 PSI (ASTM D-882-81). 

The term "film" and the like refers to a thermoplastic material suitable for packaging and having one or 
more layers of polymeric materials- which may be bonded by any suitable means well known in the art 
40 The term "polymer", "polymeric", and the like, unless specifically defined or otherwise limited, 
- generally includes homopolymers, copolymers and terpolymers and blends and modifications thereof. 

The term "interior" and the like is used herein to refer to a layer of a multilayer film which is not a skin 
or surface layer, or sealant layer, of the film. 

The term "melt index" is used herein as the amount, in grams, of a thermoplastic resin which can be 
45 forced through a given orifice under a specified pressure and temperature within 10 minutes. The value 
should be determined in accordance with ASTM D 1238-79. 

The term "ethylene vinyl acetate copolymer" (EVA) is used herein to refer to a copolymer formed from 
ethylene and vinyl acetate monomers wherein the ethylene derived units in the copolymer are present in 
major amounts and the vinyl acetate derived units in the copolymer are present in minor amounts. 
so The term "ethylene propylene copolymer" is used herein to refer to a copolymer formed from 
polypropylene monomer and minor amounts, usually less than 6%. of ethylene. 

The term "copolyester" and the like is applied to polyesters synthesized from more than one diol and a 
dibasic acid. Copolyesters as used herein may also be characterized as copolymers of polyether and 
polyethylene terephthalate. More preferably copolyesters as used herein may be characterized as poly- 
55 meric materials derived from 1,4 cyclohexane dimethanol, 1,4 cyclohexane dicarboxylic acid, and poly- 
tetramethylene glycol ether, or equivalents of any of the above, as reactants. 

The term "modified" and the like is used herein to refer to a polymeric material in which some or all of 
the substituents are replaced by other materials, providing a change in properties such as improved impact 
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resistance, flexibility or elastomeric properties. In the case of modified ethylene propylene copolymer, the 
modification is provided by a rubbery block copolymer such as commercially available under the trademark 
Kraton from the Shell Chemical Company. 

An (mpact resistant film In accordance with the Invention comprises two outer layers of a blend of 
ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and an intermediate 
layer disposed between the two outer layers, and comprising ethylene vinyl acetate copolymer. 

In another aspect of the invention, an impact resistant film comprises a first outer layer comprising a 
blend of ethylene propylene copolymer and styrene ethylene butylene styrene copolymer; a second outer 
layer comprising a copoly ester; a central layer comprising ethylene vinyl acetate copolymer; and a 
polymeric adhesive layer disposed between and adhering the central layer to the second outer layer. 

In another aspect of the invention, an impact resistant film comprises a first outer layer comprising a 
blend of ethylene propylene copolymer and styrene ethylene butylene styrene copolymer; a second outer 
layer comprising a copolyester; a central layer comprising an ethylene vinyl acetate copolymer; and 
polymeric adhesive layers disposed between and adhering the respective outer layers to the central layer. 

in still another aspect of the invention, an impact rosistant film comprises two outer layers of a blend of 
ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; a central layer 
comprising a fractional melt index ethylene vinyl acetate copolymer; and an intermediate layer disposed 
between each of the two outer layers and the central layer respectively and comprising ethylene vinyl 
acetate copolymer having a melt index greater than about 1 .0. 

In still another aspect of the invention, an impact resistant film comprises two outer layers of a blend of 
ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; a central layer 
comprising ethylene vinyl acetate copolymer having a melt index greater than about 1.0; and an intermedi- 
ate layer disposed between each of the two outer layers and the central layer respectively and comprising a 
fractional melt index ethylene vinyl acetate copolymer. 

In yet another aspect of the invention, an impact resistant film comprises a first outer layer comprising a 
blend of ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; a second outer 
layer comprising a copolyester; a central layer comprising a fractional melt index ethylene vinyl acetate 
copolymer; an intermediate layer disposed between each of the two outer layers and the central layer 
respectively and comprising ethylene vinyl acetate copolymer having a melt index greater than about 1.0; 
and a polymeric adhesive layer disposed between and adhering the second outer layer to an intermediate 
layer. 

In yet another aspect of the invention, an impact resistant film comprises a first outer layer comprising a 
blend of ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; a second outer 
layer comprising a copolyester; a central layer comprising ethylene vinyl acetate copolymer having a melt 
index greater than about 1.0; an intermediate layer disposed between the first outer layer and the central 
layer and comprising a fractional meit index ethylene vinyl acetate copolymer; and a polymeric adhesive 
layer disposed between and adhering the second outer layer to the central layer. 

in yet another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding the 
blend as a first and second melt stream, and an intermediate melt stream of ethylene vinyl acetate 
copolymer to form a tubular film. 

In yet another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; coextruding a first 
melt stream of a copolyester, a second melt stream of an ethylene vinyl acetate copolymer, a third melt 
stream of the blend of an ethylene propylene copolymer and a styrene ethylene butylene styrene 
copolymer; and a melt stream of a polymeric adhesive disposed between the first and second melt streams 
to form a tubular film. 

In still another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding a 
first melt stream of a copolyester, a second melt stream of an ethylene vinyl acetate copolymer, a third melt 
stream of the blend of ethylene propylene copolymer and styrene ethylene butylene styrene copolymer, 
and two melt streams of a polymeric adhesive disposed between the first and second melt streams, and the 
second and third melt streams respectively, to form a tubular film. 

in still another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding the 
blend of an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer as a first 
and second melt stream, a central melt stream of a fractional melt index ethylene vinyl acetate copolymer, 
and two additional intermediate melt streams of ethylene vinyl acetate copolymer having a melt index 
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greater than about 1 .0, such that the central melt stream is disposed between the intermediate melt streams 
as the tubular film Is coextruded, and the blend of an ethylene propylene copolymer and a styrene ethylene 
butylene styrene copolymer forms outer layers of the final tubular film. 

In still another aspect of the invention, a method of making an impact resistant film comprises blending 
5 an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding the 
blend of an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer as a first 
and second melt stream, a central melt stream of ethylene vinyl acetate copolymer having a melt index 
greater than about 1 .0, and two additional intermediate melt streams of a fractional melt index ethylene vinyl 
acetate copolymer, such that the central melt stream is disposed between the intermediate melt streams as 
io the tubular film is coextruded, and the blend of an ethylene propylene copolymer and a styrene ethylene 
butylene styrene copolymer forms outer layers of the final tubular film. 

In still another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding a 
first melt stream of a copolyester, a second melt stream of the blend of an ethylene propylene copolymer 
is and a styrene ethylene butylene styrene copolymer; and, a central melt stream of a fractional melt index 
ethylene vinyl acetate copolymer disposed between two intermediate melt streams of ethylene vinyl acetate 
copolymer having a melt index greater than about 1 .0, and a melt stream of a polymeric adhesive, such that 
the first and second melt streams form outer layers of the final tubular film, and the polymeric adhesive is 
disposed between the first melt stream and an intermediate melt stream. 
20 In still another aspect of the invention, a method of making an impact resistant film comprises blending 
an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; and coextruding a 
first melt stream of a copolyester, a second melt stream of an ethylene vinyl acetate copolymer having a 
melt index greater than about 1.0, a third melt stream of the blend of an ethylene propylene copolymer and 
a styrene ethylene butylene styrene copolymer; and a fourth melt stream of a fractional melt index ethylene 
25 vinyl acetate copolymer disposed between the second and third melt streams, and a fifth melt stream of a 
polymeric adhesive disposed between the first and second melt streams , such that the first and third melt 
streams form outer layers of the final tubular film. 

FIG. 1 is a schematic cross-section of a film made in accordance with the invention; and 
FIG. 2 is a schematic cross-section of another film made in accordance with the invention. 
30 FIG. 3 is a schematic cross-section of yet another film made in accordance with the present invention; 
FIG. 4 is a schematic cross-section of still another film made in accordance with the present invention; 
FIG. 5 is a schematic cross-section of another film made in accordance with the present invention; and 
FIG. 6 is a schematic cross-section of yet another film made in accordance with the present invention. 
Figure 1 shows a three layer impact resistant film 1 in accordance with the present invention. Sealant 
35 layer 10 comprises a blend of ethylene propylene copolymer (EPC) and a styrene ethylene butylene 
styrene copolymer (SEBS). A suitable EPC is Eltex KS 409X6206 available from Solvay. This copolymer 
has an ethylene content of about 3.8%. Other ethylene propylene copolymers, and polypropylenes (PP) 
may be used. A suitable PP is P 7673-930P available from Eastman Chemical. The SEBS is preferably 
Kraton G 1652. This particular material may be regarded as a thermoplastic rubber, and also as a block 
40 copolymer with polystyrene end blocks and a rubbery polyethylene butylene mid-block. A pre-compounded 
blend of EPC and SEBS is available from Fina as Z 4650. This material is a modified EPC i.e. EPC 
compounded with about 20% of a Kraton SEBS thermoplastic rubber. The EPC component of the 
compounded material is a low modulus, low melting point EPC available from Fina as Z 7650. 

Although outer layer 14 may be identical to outer layer 10 in terms of composition and thickness, these 
<#5 layers may differ depending on the particular end use. For example, the inner sealant layer 10 may have 
20% SEBS to enhance impact resistance, while outer layer 14 may have only 10% SEBS. The SEBS 
adversely affects optics to some extent. Having a higher % SEBS in the sealant layer instead of the outer 
layer masks to some extent the loss in optical quality. 

The blend in outer layers 10 and 14 is preferably between 70% and 90% ethylene propylene 
so copolymer, and 10% to 30% by weight of styrene ethylene butylene styrene copolymer. 

Intermediate layer 12, disposed between the two outer layers 10 and 14, comprises ethylene vinyl 
acetate copolymer (EVA). Preferably, the EVA has a vinyl acetate content of between about 18% and 35% 
by weight of the EVA. Even more preferably, the EVA has a vinyl acetate content of about 28% by weight 
of the EVA. Several commercially available EVA resins are suitable for intermediate layer 12. These include 
55 Elvax 3175 having a melt index of 6 and a 28% vinyl acetate content by weight of the EVA. Also useful is 
Elvax 3182, a 3 melt index resin with a vinyl acetate content of about 28% by weight of the EVA. Both of 
these resins are available from du Pont. Additionally, Exxon 767.36 (2.5 melt index, 30% vinyl acetate) and 
Exxon 760.36 (3 melt index, 27.5% vinyl acetate) are also suitable for intermediate layer 12. The 
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intermediate layer 12 comprises preferably between 60 and 90% and more preferably about 80% of the 
total film thickness exclusive of sacrificial layers to be described hereafter. 

When coextruding the present film structure, differences in viscosity of the respective resins can make 
coextrusion difficult to perform satisfactorily. For example, severe melt ripples can sometimes result. In 
s these situations, an additional outer layer of for example low density polyethylene is adhered to each of the 
two outer layers 10 and 14. These additional layers 16 and 18 function as sacrificial layers which are 
stripped away after the coextruded film has been produced. This allows the blend layers 10 and 14 to 
function as sealant layers if necessary. 

Figure 2 shows a four layer film made in accordance with the present invention. Outer layer 26 is 
70 preferably a blend of EPC and the SEBS material described for outer layers 10 and 14 of the three layer 
structure. 

Interior layer 24 preferably comprises an EVA such as those described earlier. The second outer layer 
20 is a flexible copolyester. 

Adhesive layer 22 Is a polymeric adhesive such as a modified ethylene methyl acrylate or modified 
is othyleno vinyl acetate copolymer. Certain ethylene unsaturated ester copolymers, unmodified, may also be 
suitable for layer 22 in order to bond the interior EVA layer 24 to outer copolyester layer 20. 

In addition, other polymeric adhesive materials may be suitable for layer 22 as well as the adhesive 
layers of other embodiments of the present invention. The choice of these adhesive materials depends on 
the selection of resins for the remaining layers of the film structure, in particular the resin layers which will 
20 be bonded by the adhesive layer. These additional adhesives are preferably chemically modified adhesives, 
often with acid or acid anhydride functionalities, and include chemically modified linear iow density 
polyethylene, very low density polyethylene, high density polyethylene and polypropylene. 

As with the film described and depicted in Figure 1, the four layer film of Figure 2 may in some cases 
require a sacrificial layer in order to provide a coextruded film substantially free of melt ripples. For 
25 example, if the flexible copolyester used for second outer layer 20 is PCCE 9965, no sacrificial layer is 
necessary. However, if PCCE 9967 is the particular flexible copolyester used, then a sacrificial layer 28 will 
be necessary. This sacrificial layer may be a low density polyethylene such as described above for the film 
of Figure 1 . The sacrificial layer is depicted as layer 28 in Figure 2. 

In both Figures 1 and 2, the sacrificial layers are shown as partially peeled away from the primary film 
30 structure. 

Figure 3 shows a five layer film 3 substantially like the four layer film described earlier, but with an 
additional layer 36 of a polymeric adhesive such as a modified ethylene methyl acrylate copolymer or a 
modified. ethylene vinyl acetate copolymer. Thus, layer 38 of Figure 3 corresponds to layer 26 of Figure 2, 
layer 34 of Figure 3 corresponds to layer 24 of Figure 2, layer 32 of Figure 3 corresponds to layer 22 of 
as Figure 2, and layer 30 of Figure 3 corresponds to layer 20 of Figure 2. 

The outer layers 30 of Figure 3 and 20 of Figure 2 are a flexible copolyester. 

More preferably, a copolymer of polyether and polyethylene terephthalate, such as Eastman PCCE 
9965 from Eastman Chemical Products, Inc. is used for outer layers 30 and 20. Other suitable flexible 
copolyesters are PCCE 9966 and PCCE 9967 all available from Eastman. These particular copolyesters are 
40 characterized by inherent viscosities ranging from 1.05 to 1.28, and by the use of 1,4 cyclohexane 
dimethanol, 1,4 cyclohexane dicarboxylic acid, and polytetramethylene glycol ether as reactants in produc- 
ing the flexible copolyester resins. 

As with the four layer structure of Figure 2, the five layer film may include an additional layer 39 of a 
material such as low density polyethylene which can be coextruded with the five layer film for processing 
45 purposes but later peeled away from the remainder of the structure. 

Various polymeric materials or blends of materials may be used for adhesive layers 32, 36 and 22 
provided that the material used imparts sufficient adhesion between outer layers and the central or interior 
EVA layer. When a flexible copolyester is used for outer layer 30, the preferred material for layer 32 is a 
chemically modified ethylene methyl acrylate copolymer. with a carboxylic acid or acid anhydride func- 
50 tionality. An especially preferred commercial resin is Plexar 3382 available from Quantum. 

Other suitable commercial resins are CXA E162 and CXA E361, both chemically modified EVA 
materials available from du Pont. 

Figure 4 shows an alternative embodiment being a five layer film 4. In applications where improved melt 
strength is required, the film described for Figure 1 can be further improved by introducing a fractional melt 
55 index EVA into the center of the structure so that layer 46 of Figure 4 is a fractional melt index (i.e. less 
than i.o melt index) EVA, and layers 48 and 44 disposed on either side of the layer 46, comprise the high 
vinyl acetate EVA described earlier for central layer 12. The total EVA content of this alternate embodiment 
is still preferably between 60% and 90%. and more preferably about 80% of the total film thickness. 
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Examples of a fractional melt index EVA are Elvax 3135 and 3165, both available from du Pont. 

In one variation of this alternative embodiment, the central layers 44, 46, and 48 may be reversed. In 
this variation, the fractional melt index EVA would form layers 44 and 48, and the central layer 46 would 
comprise the high vinyl acetate EVA. 

Layers 42 and 50 of Figure 4 correspond to layers 14 and 10 respectively of Figure i. Sacrificial layers 
40 and 52 of Figure 4 correspond to sacrificial layers 18 and 16 respectively of Figure 1. 

The multilayer film 4 of Figure 4 can therefore be described as a five layer film, or else as a seven 
layer film wherein the outer layers 40 and 52, being sacrificial layers, are removed from the film structure 
after coextrusion but before forming the film into a pouch or bag such as a medical solution pouch. 

In Ftgure 5, a six layer film structure 5 is shown. This structure is essentially a modification of the 
structure shown in Figure 2, and in particular the structure of Figure 2 modified so that a sacrificial layer is 
not necessary. In this embodiment, the modified structure of Figure 2 is further modified by introducing a 
central layer 46 of a fractional melt index EVA disposed between two intermediate layers 44 and 48 
respectively of an ethylene vinyl acetate copolymer having a melt index greater than about 1 .0. Thus, the 
modification utilized for the central layers cf Figure 4 Is used In the embodiment depicted in Figure 5. 
Reference numerals in Figure 5 are the same as like numbered reference numerals depicted in Figures 2 
and 4. 

In Figure 6, a five layer film structure 6 is shown. This structure is essentially a modification of the 
structure shown in Figure 2, and in particular the structure of Figure 2 modified so that a sacrificial layer is 
not necessary. In such an instance* the modification may have inadequate melt strength. To overcome this 
deficiency, the modified structure of Figure 2 may be further modified by introducing a fractional meit index 
EVA (e.g. Elvax 3135 or Elvax 3165) into the structure as layer 54. 

The films as described are preferably manufactured by a cast coextrusion process. 

EXAMPLES 

Exemplary multi-layer structures were cast coextruded and irradiated. These structures are viewed as 
potential replacements for polyvinyl chloride bags. Examples 1 through 14, in part reflected in the detailed 
description of the preferred embodiments hereinbefore described, are listed below with their respective 
formulations. The list for each example begins with a sacrificial layer (e.g. LDPE) if present, followed by the 
inside or sealant layer, and ending with the outside layer. Unless otherwise denoted, Examples 1-14 
included the following materials: 


PP: P 7673-930 P 

EPCi : Eltex KS409x6206; 

SEBSi: KratonGl652 
flexibte copolyesteri : PCCE 9967; 
flexible copolyester 2 : PCCE 9965 

LDPE: Chemplex 3404 

EVAt: Elvax 3175 

EVA 2 : Exxon 767.36 

EVA 3 : Elvax 3182 

EVA*: Exxon 760.36 

modified EMA: Plexar 3382. 

EPC 2 + SEBS 2 : Z 4650 

EPC 3 = M 7853-368A (Eastman) (Block copolymer) 


In Example 1, the multilayer film comprised LDPE/90% EPCi + 10% SEBSi /EVAi/90% EPCi + 10% 
SEBSi /LOPE. 

In Example 2, the multi-layer film comprised the same construction as the film of Example 1, but with 
80% EPCi + 20% SEBSi. In both examples 1 and 2, the five layer films were coextruded and thereafter 
the low density polyethylene sacrificial layers were stripped away to create three layer films as described. 

In Example 3. the multi-layer film comprised 90% PP + 10% SEBSi /Modified EMA/EVA 2 /Modified 
EMA/Flexible Copolyesteri. 

In Example 4, the multi-layer film comprised the same construction as Example 3 ( but with 80% PP and 
20% SEBSi. 

In Example 5, the multi-layer film comprised LDPE/90% EPC 2 + 10% SEBS2/EVA 3 /Modified 
EMA/Flexible Copolyesteri . 

in this structure, the blend layer is directly adhered to the central EVA layer without an intermediate 
layer of modified EMA. Thus, the film of Example 5 was coextruded as a five layer film. The sacrificial 
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LDPE layer was then stripped away to produce a four layer film suitable for fabrication into a medical 
solution pouch or other container. 

In Example 6, the multi-layer film comprised the same construction as the film of Example 5, but with 
EVA* as the central layer and with a layer of modified EM A disposed between and adhering the central 
s EVA layer to the blend layer. 

In Example 7, the multi-layer film comprised the same construction as the films of Example 6, but with 
a blend layer comprising 90% EPCi +10% SEBSi. 

In Example 8 a multi-layer film comprised 90% EPCi + 10% SEBSi /modified EMA/EVA 3 /modified 
EMA/flexible copolyester2. 

w In Example 9, a multi-layer film comprised the same construction as in Example 8, but without the 

presence of SEBSi in the sealant layer. In addition, the film of Example 9 included a sacrificial layer of 

LDPE adhered to the sealant layer when the film was coextruded. 

In Example 10, a multi-layer film comprised the same construction as in Example 9, but with a thicker 

sealant (EPCi) layer than in Example 9. 
75 In Example 11, a multi-layer film comprised the same construction as in Example 8, but without the 

presence of SEBSi in the sealant layer. Thus, the film of Example 3 had a sealant layer comprising simply 

EPCi. 

In Example 12, a multi-layer film was produced having substantially the same construction as in 
Example 4, but with a sealant layer comprising EPCi, and with a sacrificial layer (LDPE) adhered to the 
zo sealant layer during coextrusion and thereafter removed. 

In Example 13, a mufti-layer film was produced having substantially the same construction as in the film 
of Example 12, but with a sealant layer comprising an ethylene propylene block copolymer (M7853-368A 
available from Eastman), and with no sacrificial layer adhered to the sealant layer during coextrusion. 

In Example 14, a five layer film was produced having the same construction as the film of Example 1, 
25 but without the presence of SEBSi in the EPC layers. 

The improved impact resistance of the films in the present invention can be seen by reference to 
Tables 1 and 2 below. 

Bags were made on a Vertrod sealer. The dimensions of each bag were approximately 4-1/2" by 11" 
(11 cm x 28cm). Each bag contained about one liter of water. The sealing temperature to produce the bags 
30 was about 450 * F(232 * C). 

Twenty bags of each film Example were made. Ten were held for drop tests. Ten were cooked in a 
sterilizer for about 20 minutes. Then each of the 10 bags not subjected to the sterilizer (uncooked bags) 
were dropped at 8, 10, and 12 feet (2.44, 3.05 and 3.66m). This was a progressive test i.e. those bags 
which passed the test at lower heights were retested at the 10 foot and 12 foot heights. 
35 The 10 cooked bags were subjected to the same testing as for the 10 uncooked bags. 
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Table 1 (Uncooked Bag-Drop Test) 


70 


75 


Example 1 
Example 2 
Example 3 
Example 4 
Example 5 

20 

Example 6 
Example 7 

25 

Example 8 
Example 9 
30 Example 10 

Example 11 


35 


40 


Example 12 
Example 13 
Example 14 


8 Feet 

7 passed 
3 failed before seal 

10 passed 


10 Feet 
7 passed 

10 passed 


4 passed a passed 

6 failed before seal 3 failed before seal 

5 passed 4 passed 

5 failed before seal 1 failed before seal 


10 passed 
10 passed 
10 passed 

10 passed 
10 passed 
10 passed 


9 passed 

1 seal failure 

10 passed 


10 passed 


10 passed 

10 passed 

8 passed 
2 seal failures 

10 passed 

10 passed 

10 passed 


4 passed 
5 seal failures 

9 passed 

1 failed (gel) 

10 passed 


5 passed 3 passed 

5 failed before seal 2 failed before seal 


12 Feet 

4 passed 
3 seal failures 

9 passed 
1 seal failure 

1 seal failure 


4 passed 

10 passed 
10 passed 

5 passed 

3 seal failures 

10 passed 

10 passed 

9 passed 
1 seal failure 

3 passed 
1 seal failure 

8 passed 

1 seal failure 

9 passed 

1 seal failure 

3 seal failures 


50 
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Table 2 (Cooked Bag-Drop Test) 




8 Feet 


10 Feet 


12 Feet 

Example 1 

. 7 

1 passed 
seal failures 

1 

seal failure 



Example 2 


8 passed 


8 passed 

l 

7 passed 
seal failure 

CiXajnpie j 

5 

5 passed 
seal failures 

1 

4 passed 
seal failure 

1 

3 passed 
seal failure 

Example 4 

2 

6 passed 
seal failures 

2 

4 passed 
seal failures 

2 

2 passed 
seal failures 

Example 5 


8 passed 


8 passed 


8 passed 

Example 6 


9 passed 


9 passed 


9 passed 

Example 7 


10 passed 


10 passed 


10 passed 

Example 8 


10 passed 


10 passed 

1 

9 passed 
seal failure 

Example 9 


10 passed 


10 passed 

3 

7 passed 
seal failures 

Example 10 

3 

7 passed 
seal failures 


7 passed 

1 

6 passed 
seal failure 

Example 11 

8 

seal failures 





Example 12 


10 passed 

1 

9 passed 
seal failure 

2 

7 passed 
seal failures 

Example 13 

1 

7 passed 
seal failure 


7 passed 


7 passed 

Example 14 

8 

seal failures 






The reference to "gel" in Example 12 of Table 1 refers to a failed bag probably due to the presence of gel 
in the bag material. 

References to "failed before sear indicate that the failure occurred not in the seal area itself, but in an 
area of the bag immediately adjacent to the seal area. 

In Table 2, some of the examples do not have a passed + failed total of 10, especially for the 8 foot 
drop test This is because some bags failed during the cooking process because of a mechanical 
malfunction unrelated to the tested film. 

In some of the films such as those of Examples 1 and 2, maintaining sufficient melt strength (strength of 
the plastic while in a molten state) can be a problem. 

Adequate melt strength can be ensured by splitting the melt stream of the central EVA material (Elvax 
3175 in the examples) into two split melt streams, and coextruding therewith a fractional melt index (FMI) 
EVA such as Evax 3135 or 3165 both available from du Pont. This would in effect provide a seven layer 
structure before stripping the outer LDPE sacrificial layers. In this alternate construction, the total EVA 
content, including the split central EVA layer and the Intermediate fractional melt index EVA would still 
comprise preferably between 60 and 90%, and more preferably about 80% of the total film thickness 
exclusive of the sacrificial layers. 
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Rims in accordance with the present invention are preferably cross-linked. This is preferably done by 
irradiation, i.e. bombarding the film with particulate and non-particulate radiations such as high energy 
electrons from an accelerator or cobalt-60 gamma rays, to cross-link the materials of the film. Cross-linking 
increases the structural strength of film and/or the force at which the material can be stretched before 
tearing apart, and may also improve the optical properties of the film and change the high temperature 
properties of the film. A preferred irradiation dosage level is in the range of from about 2 Megarads (M.R.) 
to about 8 M.R. 

Cross-linking may also be accomplished chemically by the use of peroxides. 

Pouches made in accordance with the present invention may be sealed by various means well known in 
the art, including radiation frequency (R.F.) sealing, impulse and hot bar sealing. 

The films according to the present invention are preferably formed by cast coextrusion. A hot blown 
process may also be employed, although optical properties of the resulting pouch would be inferior to those 
from a cast coextrusion process. 

It should be noted that the detailed description and specific examples which indicate the presently 
preferred embodiments of the invention are given by way of illustration only. Various changes and 
modifications within the spirit and scope of the claims will become apparent to those of ordinary skill in the 
art upon review of the above detailed description and examples. 

For example, other elastomers such as styrene butadiene styrene or isoprene styrene isoprene block 
copolymers may in some cases be suitable, alternative materials in replacement of the SEBS material. 

Also, the fractional melt index EVA is believed to be a material which can be introduced at almost any 
position in the multilayer film structure of the present invention to increase the viscosity of the coextruded 
melt and thereby increase the melt strength of the coextruded film. 

Claims 

1. An impact resistant film comprising: 

(a) a first outer layer comprising a blend of ethylene propylene copolymer and styrene ethylene 
butylene styrene copolymer; 

(b) a second outer layer which comprises a blend of ethylene propylene copolymer and styrene 
ethylene butylene styrene copolymer or which comprises a copolyester; 

(c) a central layer comprising ethylene vinyl acetate copolymer; and 

optionally further comprising a polymeric adhesive layer(s) disposed between and adhering the 
intermediate layer to either or both outer layer(s). 

2. An impact resistant film comprising: 

(a) two outer layers of a blend of ethylene propylene copolymer and a styrene ethylene butylene 
styrene copolymer; and 

(b) an intermediate layer disposed between the two outer layers and comprising ethylene vinyl 
acetate copolymer. 

3. An impact resistant film comprising: 

(a) a first outer layer comprising a blend of ethylene propylene copolymer and styrene ethylene 
butylene styrene copolymer; 

(b) a second outer layer comprising a copolyester; 

(c) an intermediate layer comprising ethylene vinyl acetate copolymer; and 

(d) a polymeric adhesive layer disposed between and adhering the intermediate layer to the second 
outer layer. 

4. An impact resistant film comprising: 

(a) a first outer layer comprising a blend of ethylene propylene copolymer and styrene ethylene 
butylene styrene copolymer; 

(b) a second outer layer comprising a copolyester; 

(c) a central layer comprising ethylene vinyl acetate copolymer; and 

(d) polymeric adhesive layers disposed between and adhering the respective outer layers to the 
central layer. 

5. An impact resistant film comprising: 

(a) two outer layers of a blend of ethylene propylene copolymer and a styrene ethylene butylene 
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styrene copolymer; 

(b) a central layer comprising a fractional melt index ethylene vinyl acetate copolymer; and 

(c) an intermediate layer disposed between each of the two outer layers and the central layer 
respectively and comprising ethylene vinyl acetate copolymer having a melt index greater than 
about 1.0. 

' 6. An impact resistant film comprising: 

(a) two outer layers of a blend of ethylene propylene copolymer and a styrene ethylene butylene 
styrene copolymer; 

(b) a central layer comprising ethylene vinyl acetate copolymer having a melt index greater than 
about 1 .0; and 

(c) an intermediate layer disposed between each of the two outer layers and the central layer 
respectively and comprising a fractional melt index ethylene vinyl acetate copolymer. 

7. An impact resistant film comprising: 

(a) a first outer layer comprising a blend of ethylene propylene copolymer and a styrene ethylene 
butylene styrene copolymer; 

(b) a second outer layer comprising a copolyester; 

(c) a central layer comprising a fractional melt index ethylene vinyl acetate copolymer; 

(d) an intermediate layer disposed between each of the two outer layers and the central layer 
respectively and comprising ethylene vinyl acetate copolymer having a melt index greater than 
about 1 .0; and 

(e) a polymeric adhesive layer disposed between and adhering the second outer layer to an 
intermediate layer. 

8. An impact resistant film comprising: 

(a) a first outer layer comprising a blend of ethylene propylene copolymer and a styrene ethylene 
butylene styrene copolymer. 

(b) a second outer layer comprising a copolyester; 

(c) a central layer comprising ethylene vinyl acetate copolymer having a melt index greater than 
about 1 .0; 

(d) an intermediate layer disposed between the first outer layer and the central layer and comprising 
a fractional melt index ethylene vinyl acetate copolymer; and 

(e) a polymeric adhesive layer disposed between and adhering the second outer layer to the central 
layer, 

9. An impact resistant film according to any one of the preceding claims wherein the blend of ethylene 
propylene copolymer and styrene ethylene butylene styrene copolymer comprises 70% to 90% 
ethylene propylene copolymer, and 10% to 30% of a styrene ethylene butylene styrene copolymer. 

10. An impact resistant film according to any one of claims 1 to 9 wherein the ethylene vinyl acetate 
copolymer has a vinyl acetate content of between about 18% and 35% by weight of the ethylene vinyl 
acetate copolymer. 

11. An impact resistant film according to any one of claims 1,3,4,7 and 8 wherein the polymeric adhesive 
comprises a chemically modified ethylene unsaturated ester copolymer. 

12. An impact resistant film according to claim 3 wherein the polymeric adhesive comprises a chemically 
modified polymeric adhesive selected from the group consisting of: 

a) Modified ethylene vinyl acetate copolymer; 

b) Modified ethylene methyl acrylate copolymer; 

c) Modified linear low density polyethylene; 

d) Modified very low density polyethylene; 

e) Modified high density polyethylene; and 

f) Modified polypropylene. 

13. An impact resistant film according to any one of claims 4,7 and 8 wherein the chemically modified 
ethylene unsaturated ester copolymer is an adhesive selected from the group consisting of chemically 
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modified ethylene methyl acrylate copolymer and chemically modified ethylene vinyl acetate 
copolymer. 

14. An impact resistant film according to any one of the preceding claims wherein the or each outer layer 
comprise(s) a blend of ethylene propylene copolymer and styrene ethylene butylene styrene 
copolymer, which further comprises an outermost layer of low density polyethylene adhered to one or 
both of the said outer layers. 

15. A method of making an impact resistant film comprising: 

(a) blending an ethylene propylene copolymer and a styrene ethylene butylene styrene copolymer; 
and 

(I) coextruding the blend of a) as a first and second melt stream, and an intermediate melt stream of 
ethylene vinyl acetate copolymer to form a tubular film; 

(II) coe>ctruding a first melt stream of a copolyester. a second melt stream of an ethylene vinyl 
acetate copolymer, a third melt stream of the blend of a), and a melt stream of a polymeric adhesive 
disposed between the first and second melt streams to form a tubular film; 

(III) coextruding a first melt stream of a copolyester, a second melt stream of an ethylene vinyl 
acetate copolymer, a third melt stream of the blend of a), and two melt streams of a polymeric 
adhesive disposed between the first and second melt streams, and the second and third melt 
streams respectively, to form a tubular film; 

(IV) coextruding the blend of a) as a first and second melt stream, a central melt stream of a 
fractional melt index ethylene vinyl acetate copolymer, and two additional intermediate melt streams 
of ethylene vinyl acetate copolymer having a melt index greater than about 1.0, such that the central 
melt stream is disposed between the intermediate melt streams as the tubular film is coextruded. 
and the blend of a) forms outer layers of the final tubular film; . 

(V) coextruding the blend of a) as a first and second meit stream, a central melt stream of ethylene 
vinyl acetate copolymer having a melt index greater than about 1.0, and two additional intermediate 
melt streams of a fractional melt index ethylene vinyl acetate copolymer, such that the central melt 
stream is disposed between the intermediate melt streams as the tubular film is coextruded, and the 
blend of a) forms outer layers of the final tubular film; 

(VI) coextruding a first melt stream of a copolyester, a second melt stream of the blend of a), a 
central melt stream of a fractional melt index ethylene vinyl acetate copolymer disposed between 
two intermediate melt streams of ethylene vinyl acetate copolymer having a melt index greater than 
about 1 .0, and a melt stream of a polymeric adhesive, such that: 

i) the first and second melt streams form outer layers of the final tubular film, and 

ii) the polymeric adhesive is disposed between the first melt stream and an intermediate melt 
stream; or 

(VII) coextruding a first meit stream of a copolyester, a second melt stream of an ethylene vinyl 
acetate copolymer having a meit index greater than about 1 .0, a third melt stream of the blend of a), 
a fourth melt stream of a fractional melt index ethylene vinyl acetate copolymer disposed between 
the second and third melt streams, and a fifth melt stream of a polymeric adhesive disposed 
between the first and second melt streams, such that the first and third melt streams form outer 
layers of the final tubular film. 

16. A method according to claim 15, further comprising after step (I), (II) or (III) extruding a melt stream of 
low density polyethylene with the other melt streams such that the low density polyethylene forms a 
surface layer of the tubular film. 
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